The study aimed at detecting the incidence of rotavirus infection among children with gastroenteritis in Kano Metropolis. It was a descriptive cross-sectional study and a total of 200 stool samples were randomly collected and assayed for the presence of rotavirus antigens using Enzyme Linked Immunosorbent Assay and confirmed using Real Time Polymerase Chain Reaction. The study revealed that 21/200 (10.5%) stool samples were positive for rotavirus antigen and more males 13/21(6.5%) were positive than females 8/21 (4%) (p>0.05). The highest and lowest incidence rates in rotavirus infection of 42.8% (9/21) and 4.8% (1/21) were found among children aged 7-12 month and 31-36; 43-48 month (p>0.05) respectively. Most of the positive samples (95%) were from those who presented with diarrhea, vomiting and fever (p<0.05). The study further revealed that 20/21(95%) of the positive children were from married couples and the incidence rate was found to be independent of the educational level of the parent (p>0.05). Among the risk factors considered, source of drinking water (tap water) and playing with toys appeared to be the most predisposing factors as 16/21 (76%) and 19/21 (90.5%) of the children were found to be infected (p>0.05). Finally, the lowest rate of rotavirus infections was found in only 1/21 (0.5%) among the exclusively breastfed children compared to 14/21 (7%) of those on mixed feeding (p>0.05). The study recommends detection of rotavirus infection to be part of routine laboratory tests in our hospitals and advocates the concept of exclusive breastfeeding to curtail rate of infection among infants.
INTRODUCTION
Rotavirus has long been acknowledged to be a major etiological agent of gastroenteritis and responsible for a large proportion of morbidity and mortality associated with diarrheal illnesses (Parasharet al., 2003) . According to Tate et al. (2012) , rotavirus causes 37% of deaths attributable to diarrhoea and 5% of all deaths in children younger than five. They further revealed that each year rotavirus causes millions of cases of diarrheoa in developing countries, almost 2 million resulting in hospitalization and an estimated 453, 000 resulting in the death of a child younger than five years. In Sub-Saharan Africa and Asia, according to Kotloff et al., (2013) , rotavirus is one of the four most common causes of moderate to severe diarrhea among children <5 years of age. Diarrhea is one of the documented '10 killer conditions' among Ugandan children with an estimated 10,637 deaths due to rotavirus occuring annually in children < 5 years of age (World Health Organization [WHO], 2008) .In Nigeria, a high incidence of childhood diarrhea is estimated to account for over 160, 000 of all deaths in children less than 5 years of age annually and of this number, approximately 20% are associated with rotavirus infection (Parasharet al., 2003) .
Rotaviruses belong to the Reoviridae family. There are five species of rotavirus referred to as A, B, C, D and E. Humans are primarily infected by species A, B and C, but most commonly by specie A and all the five species cause disease in other such as primates, cows, horses, pigs and sheep (Kirkwood 2010; Centers for Disease Control and prevention (CDC, 2009) . Rotavirus A, which accounts for more than 90% of rotavirus gastroenteritis in humans (Leung et al., 2005) , is endemic worldwide. Simpson et al. (2007) , Parasheret al. (2006) and Rheingan et al. (2006) further stated that boys are twice as likely as girls to be admitted to hospital. Transmission of rotavirus is primarily via fecal-to-oral spread, both through close person-to-person contact, contact with contaminated environmental surfaces and respiratory droplets (CDC, 2007; Glass et al., 2006; Dennehy et al., 1998) . The virus is environmentally hardy can survive on hands for at least four hours and remains viable on surfaces or fomites (such as toys hard surfaces) for days (Dennehy 2000; Butzet al., 1993; Ansari et al., 1988) .
Both asymptomatic and symptomatic health care workers have been linked to the spread of the virus in some outbreaks.
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Fever, diarrhea and vomiting are the most common symptoms, which can occur either alone or in combination (Staat et al., 2002) . Clinical presentation can vary by age group and infants may be asymptomatic or only have mild symptoms with a lower likelihood of diarrhea and vomiting compared with other children (Chang et al., 2003; Bass et al., 2007) . Gastrointestinal symptoms typically resolve within 3 to 7 days (CDC 2006) and immunity develops with each infection, so subsequent infections are less severe; adults are rarely affected (Grimwood and Lambert 2009 ). The major role of rotavirus in causing diarrhea is not widely recognized within the public health community and particularly in developing countries as observed by Rodrigo et al. (2010) and Simpson et al. (2007) .
Despite the fact that several studies including those by Tate et al. (2012 ), Parasheret al. (2007 and Simpson et al. (2007) revealed that almost every child has been infected with rotavirus by age five and infection by the virus was identified as the leading single cause of severe diarrhoea among infants and children, and most importantly it causes 37% of deaths attributable to diarrhoea and 5% of all deaths. Thus, the need to document the existence of the infection or disease particularly in our community cannot be overemphasized especially bearing the fact that rotavirus is not routinely diagnosed in most Nigerian health facilities including hospitals in Kano. The study aimed at detecting the incidence of rotavirus infection among children less than 5 years of age in Kano State. It also described the role played by some of the demographic characteristics and identified risk factors associated with the occurrence of rotavirus infection.
MATERIALS AND METHODS
The study was a descriptive cross -sectional study conducted at three selected hospitals located in Kano metropolis (Hasiya Bayero Pediatric Hospital, Murtala Muhammad Specialist Hospital-MMSH and Infectious Diseases Hospitals-IDH). Hasiya Bayero Pediatric Hospital is the major hospital in the state where children receive medical attention; MMSH is the second largest hospital that receives patients from all over the state and IDH was established to handle cases of infectious diseases. An ethical approval was obtained from the Kano State Hospitals Management Board. With their consent, parents who agreed to allow their children to participate in the study were asked to fill the questionnaire that assisted in identifying some of the demographic characteristics and possible risk factors associated with rotavirus infection. All children aged 0 -5 years who presented with signs or symptoms of gastroenteritis that came to the hospitals and were seen by the physicians/health officersfrom January 2014 to January 2015 were included in the study upon the consent of their parents. Children with dysentery, diarrheoa for more than 14 days, or diarrheoa developing after hospitalization due to any other cause were excluded. Children who were on immunosupressive drugs or documented significant back-ground disease such as immuno-deficient syndromes were also excluded from the study population. A total of 200 stool samples were collected randomly from the selected children based on the 13.8% incidence rate of rotavirus infection reported by Junaidet al. (2011) in a study conducted at Jos using standard epidemiological formula described by Sarmukaddam and Gard (2006) .The samples were collected using sterile, wide mouth universal containers as described by Junaidet al. (2011) , which were given to the parents and were asked to cover and submit them immediately to the laboratories of those hospitals. The samples were then labeled and stored at -20 0 C until assay. The samples were screened for the presence of rotavirus antigen according toDRG Rotavirus Ag ELISA kit (2014) and positive samples were confirmed with RT -PCR (Liferiver, 2012) . Detection of the rotavirus infection using ELISA Detection of the rotavirus infection according to DRG Rotavirus Ag ELISA kit (2013) is a one-step enzyme immunoassay based on reaction of horseradish peroxidase (HRP) labeled polyclonal anti-Rotavirusantibodies to the group specific VP-6 antigen, the major protein of group A Rotaviruses. A 1:6 dilution of the sample was prepared and centrifuged for 1 minute. Then, 75µl of horseradish peroxidase (HRP) (labeled polyclonal anti-Rotavirusantibodies conjugate) was dispensed into each of the wells with wells 1 and 2 serving as positive control and negative control respectively. Then 50µl of each of the diluted samples was dispensed into the appropriate test wells accordingly, mixed and incubated at room temperature for 60 minutes. The contents were then decanted and each well was washed and 75µl of substrate solution (3,3',5,5'-Tetramethylbenzidine -TMB) was then dispensed into each of the wells, mixed and incubated at room temperature for 10 minutes without exposure to sunlight. Horseradish peroxidase (HRP) converted the subsequently added colorless substrate solution of 3,3',5,5'-Tetramethylbenzidine (TMB) within a 10 min reaction time into a blue product and the reaction was terminated by adding 75µl of stop solution (sulphuric acid) into the wells that turned the solution from blue to yellow. The absorbance of each well was read at a wavelength of 620 nm (optical density -O.D. of the solution is directly proportional to the specifically bound amount of Rotavirus antigen) and results were interpreted as described in the user manual by DRG (2013) All the frozen stool samples were allowed to thaw and 1: 10 dilution of each of the stool samples was made using normal saline, the samples were then centrifuged for 20 minutes at 4000g, and the supernatants were collected into labeled containers. Viral RNA extractionwas carried out as described by Qiamp viral RNA mini kit (2011) in a class II biosafety cabinet and stored at -60 0 C at PCR laboratory, Aminu Kano Teaching Hospital, Kano, Nigeria. For preparation of mastermix, 23µl each of RT PCR enzyme mix and internal control (ic) was dispensed into a reagent container containing 414µl of super mix. This was used for 21 samples and 2 controls. Then exactly 20µl of master mix was dispensed into each of the 23 Real time PCR reaction plate wells. Then 5µl of positive control was dispensed in well 1 of the reaction plate and 5µl of negative control was dispensed in to well 2 of the PCR reaction plate. Finally, 5µl of each of the extracted RNA samples was dispensed into the respective wells corresponding to the individual label on the samples containers and the micro plate was then covered immediately and loaded into the PCR instrument for amplification. Thermal conditions for the amplification were set as 
Statistical analysis
Date generated from the study was analyzed using SPSS version 22 Software and Chi-square test was used to determine significant association where Pvalue of 0.05 or less was considered significant.
RESULTS
The results of this study show that out of the 200 screened stool samples, 21(10.5%) were positive for rotavirus using ELISA, and confirmed using RT -PCR method. The highest and lowest incidence rates in rotavirus infection of 42.8% (9/21) and 4.8% (1/21) were found among children in the age group of 7 -12 months and 31 -36; 43 -48 months (p>0.05) respectively (Table 1) , with more males 13(6.5%) infected than females 8(4%) (p>0.05) ( Table 2 ). The study revealed that diarrheoa was found to be significantly associated with rotavirus infection (p< 0.05) as most of the children (95.2%) had diarrhea in addition to other symptoms (Table 3) . With regards to the demographic characteristics of parents of the studied children, the study revealed that 20/21 (95.2%) of the positive children were from the married couples. Although the rate of rotavirus infection among the positive children was also found to be significantly associated with the educational level of the parent yet 10/21 (47.6%) of the positive children were from parents/guardian who had secondary education and only 2/21 (9.5%) where from parents/guardian who had tertiary education (p>0.05), (Tables 4 and 5 ). The possible risk factors associated with the rate of rotavirus infection of the children in this study were presented in table 6-12. Tables 6 and 7 revealed that the highest rate of infection of 8% (16/21) and 9% (18/21) was identified among children who had tap water as their source of drinking water and whose toilets were located far away from their source of water (p>0.05). The rate, however, did not differ significantly among children that played with toys (p>0.05) and among those that played with other children (p>0.05) (Tables 8 and 9) Table 10 revealed that 57.1% (12/21) of the positive samples were found among children whose hands were washed before meal (p>0.05) and the highest rate of infection of 66.7% (14/21) was found in children that consumed food that did necessarily require cooking (p>0.05) (Table 11) . Finally, the rate of rotavirus infection in relation to type of feeding was presented in Table 12 , and the lowest rate of 0.5% was found in two children with one on exclusive breastfeeding and the other on bottle feeding while the highest rate of rotavirus infections of 66.7% was found among 14 children who were on mixed feeding (p>0.05). 
Total (%)
Exclusive breast feeding 1 (0.5) 8 (4) 9 (4.5) Bottle feeding 1 (0.5) 3 (1.5) 4 (2) Mixed feeding 14 (7) 111 ( 
DISCUSSION
The results of this study revealed a rotavirus infection rate of 10.5% (21/200) among children under 5 years of age in Kano State, which was comparable to 13.8% and 9% observed by Junaid et al. (2011) and Aminu et al. (2008) in Jos and Zaria respectively. On the other hand, Taqbo et al. (2014) and Kuta et al. (2013) reported high and low incidence rates of 56% and 6% in in Enugu and Kwara respectively. The differences in the incidence rates could be primarily explained by the differences in target population, age groups that were investigated in each study, place and duration of each study, seasonal variation and size of sample of each study. In addition, it could be due to the influence of environmental conditions, hygiene practice, and level of sanitation as documented in studies by Atchison et al. (2010) , Levy et al. (2009 ), Chandranet al. (2006 and Ansari et al. (1991) The findings of this study further revealed that the rate of rotavirus infections decreases with increase in the ages of the children (though not consistent) as most of the lowest number of positive cases, or even negative samples were found among the older age groups. For example, the highest number of positive cases of 9/21 (42.9%) was found among children aged 7 -12 months and the lowest rate of 0.5% was seen in two children, one aged 31 -36 months and the other 13 -48 months. Studies by Odimayoet al.
(2008) have revealed similar observations and they explained that older children acquire protective immunity during repeated exposures to the virus and, therefore, subsequent infections are mild or asymptomatic. Furthermore, the low incidence rate of 2/21 (9.5%) observed in the age group of 0 -6 months may be due to passive immunity acquired from the mother which wades off after 6 months, or could be due to exclusive or high rate of breast feeding in the first 6 months which also protects the infants via passing of IgA antirotavirus antibodies to the infants as explained by Zarnaniet al. (2004) .
The incidence rate of rotavirus infection in this study did not differ significantly with regards to the sex of the studied children although 6.5% males were infected compared to 4.5% of females (p > 0.05). Thus, the male to female ratio of rotavirus infection in our study is 1.6:1 and was comparable with that of Junaid et al. (2011) who reported a ratio of 1.8:1 in Jos Nigeria. According to the WHO scientific group, the number of affected males was up to 20% higher than the number of females in some studies, but it was not known whether this was due to a greater susceptibility to rotavirus exposure in boys or a greater likelihood of parents of affected boys seeking medical care (Borade et al., 2010; WHO 1980) .
Another reason could probably be due to the fact that males play with toys outside the room with other children. It was further observed in this study that the rate of rotavirus infection was significantly associated with diarrhea as 99.5% of the children presented diarrheoa in addition to other symptoms (p < 0.05). This agrees with reports of Junaid et al. (2011) and Staat et al. (2002) who described that 90% percent of the children in their studies presented with diarrhea and/or vomiting and 91% had diarrhea (with or without vomiting and/or fever). Demographic characteristics of parents/Guardian of the children were found to be insignificant as regards to the rate of rotavirus infection among the children, although the highest number of positive samples was found among 10/21 (47.6%) children whose parents/guardian had secondary education compared to 2/21 (9.5%) children whose parent had tertiary education (p>0.05). Similarly, the highest number of infected children 20/21(95%) were from married couples. Although the source of drinking water and location of toilet from the water source were not significantly associated with the rate of rotavirus infection among the children, yet 16/21 and 18/21 of the children positive for rotavirus were found to have tap water and have their toilets located far away from the water source. This shows that tap water is not safe for consumption when compared to the other sources of water (i.e. borehole and well) and could be attributed to possible contamination in the tap water either from the point of treatment or somewhere along the pipe and this possess a major health risk. Moreover, the results of the study revealed that playing with toys by the children was more associated with rotavirus infection (although not significant) than the children playing with other children. This means that playing objects like toys should be hygienically suitable for use by the children. Of particular interest in this study is the fact that no significant difference (P > 0.05) existed between children whose hands were washed before meal (12/21) and those who did not (4/21) in respect to the rate of rotavirus infection indicating that washing hands before meal has little effect in the transmission of rotavirus. This observation was however contrary to reports by Cairncross et al. (2010) who previously described sanitation as key in the control of infectious disease especially diarrheoal diseases. Other researchers however, have shown that sanitation alone could not significantly improve the control of rotavirus diarrhea disease. This has been attributed to the fact that enteric viruses are more resistant to common water treatment processes than their coliform counterparts and are highly contagious as such improvements in water and sanitation were unlikely to be effective preventive measures of rotavirus disease, supporting the advocacy for mass vaccination programs (Huppertz et al., 2008) .
Although consumption of uncooked food by the children in this study was found to be insignificant, yet the difference in the infection rate could however be, attributed to the age of the children rather than a protective effect due to the nature of the foods. This is because foods that require no cooking are mostly eaten by the older children among whom prevalence of rotavirus infection is less common due to increase in age and possible previous exposure/infection to rotavirus. Furthermore, only one child on exclusive breastfeeding had rotavirus infections whereas the highest rate of (66.6%) was reported among 14 children who were on partial breastfeeding or mixed feeding (P-value = 0.716). The findings of this study support the observations made by Kramer and Kakuma (2012) who indicated that infants who are exclusively breastfed for the first six month are less likely to die of gastrointestinal infection than infants who switched from exclusive to partial breastfeeding at three to four months. Thus, WHO (2011) had earlier recommended that in the first six months of life, every child should be exclusively breastfed, with partial breastfeeding continued until two years of age.
CONCLUSION AND RECCOMENDATIONS
This study revealed an incidence of 10.5% rotavirus infection among children mostly aged 7-12 months. The infection was found to be significantly associated with diarrhea, fever and vomiting (P < 0.05).
Although insignificant (p>0.05), the sources of water especially tap water and playing with toys have been identified as the most predisposing factors of rotavirus infection. Exclusive breastfeeding was found to be effective in the prevention of rotavirus infection as 14/21 (66.6%) children were found to be infected on partial breastfeeding or mixed feeding and only 1/21 (4.7%) among the 9 exclusively breastfed children was infected (p>0.05). The study also identified ELISA method by Rotavirus Ag ELISA kit (2014), as a reliable method in the detection of rotavirus infection (100%), as all ELISA positive samples were also positive by the RT -PCR method by RT -PCR (Liferiver, 2012) . The study recommends the screening of rotavirus infection in diarrheoal cases to be part of the routine laboratory tests in our hospitals. Children should be taught to observe strict personal hygiene including proper hand washing prior to engaging in some activities such as eating and playing with toys. Exclusive breastfeeding should be encouraged for infants from 0 -6 month. The study also strongly advocates the concept of vaccination against rotavirus for children less than 2 years to be part of the national immunization program. Finally, further investigation should be carried out to determine the prevalent serotypes of rotavirus in Kano which could lead to the identification of appropriate and effective vaccine.
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